Abstract. This article reviews the recent results from the two energy frontier experiments, ATLAS and CMS at the large hadron collider (LHC), using the data collected during 2011 corresponding up to 4.9 fb −1 integrated luminosity of √ s = 7 TeV proton proton collisions. The recent results of searches for the Standard Model Higgs boson, and searches for beyond Standard Model physics based on supersymmetry and other new exotic models are presented.
INTRODUCTION
In this review, a general overview of the recent results from the two experiments, ATLAS and CMS regarding the two main topics are presented, namely the SM Higgs boson search, and the searches for any physics beyond the Standard Model. The field to be covered is fairly broad, hence interested readers should consult with the references at the end of this note for more detailed write-ups. The year 2011 was quite successful for both LHC accelerator and the LHC experiments. The LHC delivered more than 5 fb −1 of luminosity to each experiment, and both ATLAS and CMS experiments collected them with the excellent data taking efficiencies (ATLAS 93.5%, CMS 91.0%). In the second half of the data-taking period the luminosity was approximately doubled. The average number of vertices was approximately twice compared with the former half. This caused the difficulties at many areas in analyses due to the high number of multiple interactions per bunch crossing. The proper modeling of the pile-up events in Monte Carlo simulation became a high priority matter. The detailed descriptions of the two general purpose detectors are found elsewhere (ATLAS [1] , CMS [2] ).
Standard Model Measurements
Although the main topics of this report are searches for the SM Higgs boson and the BSM physics, it is useful to reconfirm the level of the current understanding on the SM processes. Figure 1 shows the comparisons of cross sections measured at 7 TeV to the predictions at NLO or higher order calculations both in ATLAS and CMS. Good agreement over four orders of magnitude is observed. Especially interesting is the measurement of the ZZ cross-section [3] [4] , corresponding to about 40 fb which is comparable to the size of the SM Higgs to 4 lepton channel. This implies that the Higgs measurement is feasible with the current measurement precision and understanding of the detectors and the of the SM physics processes. SM were to survive at very high energy [7] . Electroweak fit with indirect measurement data, again prefers the low SM Higgs mass. 95% CL upper limit is 169 GeV [8] . In this article we only consider a SM Higgs boson, for which the above considerations are valid. The branching fractions from the SM Higgs depend on SM Higgs boson mass. Especially in the low mass region, multiple decay channels are available. Channel combination of the analyses over multiple decay channels is necessary over the whole considered range, in order to cross check the results between channels, and to increase the sensitivities. Since the expected cross section for these channels are at most a few pb, the statistics used for the analysis and the performance of the signal to background ratio are the two key elements for this Higgs boson hunt. The data analysis with the full luminosity in 2011 for the three most sensitive decay channels are discussed in this article. These are γγ final state, ZZ * → 4 final state, and WW * → 2 + 2ν final state. The combined results are prepared for each experiment separately with all additional channels other than these major three channels.
H → γγ channel
Higgs to diphoton mode has a very clean signature with limited background, and it is considered as the golden channel in low mass region below 150 GeV, despite its low cross section of less than 0.1 pb. In both ATLAS and CMS, the analysis looks for the photon pairs with tight identification and isolation requirements with 4.9 and 4.76 fb −1 integrated luminosity respectively. A narrow mass peak is expected over the smooth backgrounds composed of large fraction of irreducible background from SM direct diphoton process, and the reducible ones with one or two photons are fake from the jets. As a general strategy, mass resolution and the fake photon rejection are the most important. The datasets are categorized in terms of photon conversion flag and the kinematics to reach the best sensitivities in each categories. The reconstructed mass is based on the opening angle of the two photons, and the pile-up events deteriorate the performance of the diphoton mass measurements due to the multiple primary vertices distributed along the beam line whose spot size is a order of 6 cm. ATLAS makes the best use of the longitudinal separation and the fine lateral segmentation of the EM calorimeters, where the photon direction is measured and the original vertex is determined with the uncertainties of 1.5cm. CMS on the other hand selects the best vertex candidate by checking the balance between the sum of the transverse momenta of the tracks belongs to the particular vertex and the photon pair, the resulting vertex association efficiency is 83% in average through the run 2011.
ATLAS uses the cut based analysis with the optimization for orthogonal nine data categories [9] . CMS introduced multivariate analysis (MVA) [10] , based on several variables, including event by event mass resolution and photon ID variable, which are combined into a boost decision tree algorithm. In parallel CMS carried out a cut based analysis [11] . The results from the two methods are found consistent.
Figures 2 show the invariant mass of the two photons for ATLAS (left) and CMS (right), summed over all the data categories mentioned above. 95% CLs observed limits are obtained, 113-115, 134.5-136 GeV are excluded by ATLAS, 110.0-111.0, 117.5-120.5, 128.5-132.0, 139.0-140.0 and 146.0-147.0 GeV are excluded by CMS with this channel. MVA improved the sensitivity by about 20 % compared to the cut based analysis. From the local p 0 value, which represents the consistency of the data with the background only hypothesis, large excess at 126.5/125 GeV are obtained at ATLAS/CMS respectively. By taking into account the look elsewhere effect (LEE) [12] , the global significance is obtained. The largest local/global significances are 2.8 σ /1.5 σ for ATLAS and 2.9 σ /1.6 σ for CMS.
[GeV] [9] and CMS (right) [10] , the background model fits are overlaid on top of the data 2011. In both plots, a mass hypothesis of 120 GeV signal expected from the SM cross section are shown.
H → ZZ * → 4 channel
Higgs to ZZ * and subsequently decays into 4 is a very clean signature with the good sensitivities in full mass range, thus considered as the golden channel. In the low mass region, a mass resolution of order of 1-2% is expected. A peak structure is expected on top of a very small background. This is possible thanks to the excellent control of the lepton measurement and identification, which are well modeled in the simulation. Thanks to the low background level, the impact of one event in the signal region is very high, a few candidate events would significantly change the structure in p 0 and limit calculation. In ATLAS and CMS, the analysis selects the events with four isolated leptons from common vertex, requiring also that the leptons in each pair to have the same flavor and the opposite sign. The main backgrounds for this channels are the standard model ZZ * which is irreducible, also the reducible sources with fake leptons from jets. 
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FIGURE 3. 4 leptons invariant mass distributions of the selected candidates, in comparison with the background estimations for ATLAS (left) [13] and CMS (right) [14] . H → WW * → 2 + 2ν channel
Higgs to WW * with subsequent decay into ν ν is not a clean channel, but it has the best sensitivity in the low Higgs mass range, owing to a large branching ratio from Higgs. Due to the two missing neutrinos, Higgs invariant mass can not be reconstructed, hence the analysis has to rely on the event counting in the signal region which demands a good understanding of the background. Two isolated opposite sign leptons are required, and the events are categorized in the number of jets (n jet ). The events with n jet = 0, 1 are for Gluon Fusion (GF) process, while n jet = 2 is used for Vector Boson Fusion (VBF) process. The dominant top pair background is highly suppressed by requiring a b-jet veto. The irreducible background is a SM WW, which could be slightly suppressed by a cut on the opening angle between the two leptons.
The missing E T which is the most critical variable in this analysis, since the signal region contains both fake and real missing E T , is well described by current simulation. The cut criteria on m T is set in accordance with the assumed m H . In CMS, the multivariate technique is also introduced which resulted in slightly better sensitivity.
Observed 95% CLs limits are obtained. 130-260 GeV / 132-238 GeV ranges are excluded by ATLAS [15] and CMS [16] respectively with cut based analysis, while the range 129-270 GeV is excluded with multivariate technique in CMS.
channel combinations
Preliminary channel combination results are obtained independently with the full datasets corresponding to the integrated luminosity of up to 4.9/4.8 fb −1 for ATLAS [17] and CMS [18] respectively. Used channels for combination other than the ones already introduced are, for low mass range, V H → V bb in ATLAS (4.6-4.7 fb −1 [19] ), in CMS (4.7 fb −1 [20] ), ττ → or → had in ATLAS (4.7 fb −1 [21] ), in CMS (4.6 fb −1 [22] ), for high mass range,
. For ATLAS, the observed and the expected upper limit of 95% CL for the Higgs production cross section, normalized to the SM value, for all the channels combined is shown in Fig. 4 (left). The expected limit excludes 120-555 GeV. The observed limit excludes the ranges between 110.0-117.5, 118.5-122.5 and 129-539 GeV, where the first range extended the long standing LEP limit of 114.4 GeV. Figure. 4 (right) is the local p 0 distribution for the combined results. The maximum observed local significance is 2.5 σ at m H = 126 GeV which is close to the expected value 2.8 σ from SM Higgs. The observed event excess, i.e. signal strength at 126 GeV is consistent with SM Higgs assumption. After the LEE correction, p 0 significance decreases to 15-35% estimated over 110-600 GeV range. For CMS, as shown in Fig. 5 (left) the expected limit excludes 114.5-543 GeV. The observed limit excludes 127.5-600 GeV at 95% CL. The maximum deviation of inconsistency with background hypothesis, p 0 , is observed as 2.8 σ at 125 GeV as shown in Fig. 5 (right) , which is mostly originated from H → γγ channel. After the LEE correction, the significance decreased down to 0.8 σ .
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Summary of SM Higgs searches
ATLAS and CMS have performed Higgs boson searches with the datasets up to 4.9 fb −1 . The 95% CL allowed regions are narrowed down to very small areas in both experiments. In addition, there is a modest excess in similar place in both experiments. These are 2.5 and 2.8 σ local significance in ATLAS and CMS respectively, and corresponding to less than 2 σ once the LEE correction is considered. Definitive conclusion of either its existence or ruling out of the Standard Model Higgs boson could be drawn by the end of 2012.
BEYOND THE STANDARD MODEL
Using the datasets of 5 fb −1 integrated luminosity out of very successful year of LHC operation, a huge number of interesting studies for beyond the Standard Model were carried out and covered by two experiments. Generally speaking, the mass limits for the heavy particle searches already reach up to 1 TeV for supersymmetry searches, and 2-3 TeV for exotic searches. The results hugely exceeded Tevatron results in many places. However the published and preliminary results so far have seen no significant excess yet.
In searching for the yet unknown beyond Standard Model phenomena, there could be several experimental approaches. The first attempt is to search for the simple signatures of resonance in mass, or transverse mass distribution, of two-body objects, as leptons, jets, or even more complex places as di-photons, di-bosons, ttbar, etc. Also the angular correlation between these di-objects is of interests. Secondarily, the specific signatures bases on well defined BSM physics models can be explored. Famous examples are the supersymmetry, the extra dimension models, and many others. Following sections are ordered according to this menu.
Search for new particles in simple signature
A resonance search in the di-lepton invariant mass distribution is a relatively simple and robust analysis. only expectation, the model independent upper limit on cross section times branching ratio is obtained as in Fig. 7 (right). Model specific limit is also obtained for W' mass in Sequential Standard Model. m W > 2.5(2.15) TeV are obtained for CMS (ATLAS) respectively.
The dijet signature is also an active area in the two-object state search. There are many phenomenology models which predict the high mass resonance in di-jet distribution, for instance the excited quarks, axigluons, string balls, etc. ATLAS set the lower limit on excited quark mass at 3. Search for model specific signature in supersymmetry ATLAS and CMS have searched for supersymmetric (SUSY) signatures in canonical scenarios through strong production of squarks and gluinos. Typical signature contains multi high-p T jets, large missing E T and sometimes leptons. Under the R−parity conserving models, squarks and gluinos are produced in pairs and decay viaq → qχ 0 andg → qqχ 0 1 , where twoχ 0 1 in an event escape detection. In ATLAS, the scalar sum of missing E T and p T of leading jets is called effective mass, m e f f , which is used to distinguish the signal from the backgrounds. The SUSY signal would manifest itself as an excess in the tail of the m e f f distribution, thus the precise estimation of the SM background is the most important task in SUSY hunt. A data driven background estimation is generally used, in which for each background a control region is defined to test and normalize for the background processes, and these are transferred to the signal region by the help of Monte Carlo.
An example is seen in the ATLAS m e f f search with no-lepton channel, where four jets (130, 60, 60, 60 GeV cuts) with missing E T cut on 160 GeV are required [35] . Figure 8 (left) shows the m e f f distribution in this signal region, where data is well described by sum of the SM backgrounds. To achieve maximal reach in the parameter space, 6 signal regions are defined. Figure 8 (right) is the 95% CLs exclusion limits obtained with simplified MSSM scenario based on the 4.7fb −1 data. mg < 940 GeV , mq < 1380 GeV are excluded [35] . No-lepton with high jet multiplicity channels (n JET ≥ 6 to ≥ 9) are also assessed, and obtained the limit mg < 880 GeV [36] . CMS has introduced a new search methodology basing on the set of variables called Razor, which associate the momentum of the each particles after boosting the system back to the center of the mass frame. The Razor analysis changes the strategy of general SUSY searches from hunting the excess in the tail region into a bump search in a M R distribution. With another variable called R, the SM backgrounds are efficiently eliminated. The analysis can handle the samples of different lepton multiplicities at the same time. The M R distribution from data is well reproduced by the total SM expectation as shown in Fig. 9 (left) [37] . The Razor analysis with the data samples corresponding to 4.4 fb −1 , squark and gluino masses up to 1.35 TeV are excluded with 95% CL [37] .
SUSY can also be searched for in the same-sign di-lepton final states arising from the strong production. The SM backgrounds are highly suppressed by the same sign leptons requirement. A number of analyses were carried out looking into different search regions in order to investigate the different mass spectrum splittings, e.g. the different H T and missing E T regions, low p T leptons, and also events including τ s. The data are in good agreement with the SM expectation both in ATLAS [38] and CMS [39] .
The general result of the inclusive searches is that squarks and gluinos are not light, or the conventional simple model searches based on the jets and missing E T may not be the answer. There are on going newly developed areas looking for non-conventional SUSY signatures. Searching for the SUSY third generation is one of the most active area in two experiments [40, 41, 42] . In this scenario, gluino/squark could be very heavy but the fine-tuning issue in the SM is non-problematic if the third generation squarks are light. ATLAS searches for the decay chaiñ t 1 → b +χ + 1 → b + Z/h +G + f f in the GMSB context with 2.05 fb −1 . At 1 mass up to 330 GeV was excluded [43] . CMS extends the same sign di-lepton analysis by requiring at least two b-tagged jets, and looks for di-leptons, di-b-jets, and missing E T . Theb 1 mass up to 380 GeV was excluded [44] . A second active topic is the studies in the gaugino and , and di-lepton [47] final states. The limit in terms of the effective SUSY breaking scale Λ is obtained, i.e. Λ < 40 − 47 TeV (tan β = 15 − 37) out of these three studies. Di-photons plus missing E T is also a sensitive channel for GMSB. In this scenario, the bino is NLSP and as a final state, two high-p T photons and missing E T created from gravitinos is expected. In ATLAS, di-photon both with p T > 25 GeV + missing E T > 125 GeV event selection is applied, while CMS additionally requires one jet with reduced cut on missing E T . Dominant backgrounds are one fake photon with real missing E T from electro weak processes, e.g. tt+jets, W +jets, and the QCD di-photon process with fake missing E T which is estimated in data driven way. ATLAS has set the limit mg > 805 GeV based on General Gauge Mediation (GGM) model with 1.07 fb In ATLAS, one of the analyses looks for the 1-lepton, missing E T , and more than 6 jets, in which 4 of them are identified from W's. Enriched signals were to be expected in very large jet multiplicities. The current limit was set on B quark at 480 GeV [54] . CMS looks for the top pair production like signature, but with significantly large invariant mass. Minimum invariant mass is set at 170 GeV to discriminate from the top backgrounds. The limit was set on T quark mass at 552 GeV [55] .
Searches for pair-produced vector-like quarks T are also carried out in both experiments. In this scenario, the 4th generation top quark are allowed to decay into Z and top, T → Z + t, which is a flavor changing neutral current decay, thus suppressed in the SM. CMS searches for the Z plus one charged lepton candidates, and looked into the deviation in number of jet distribution, or in the p T sum of the leading jets and leptons except the two highest ones. CMS has Searches for BSM and Higgs boson at LHC June 16, 2012 set the limit, m T > 475 GeV, with 1.14 fb −1 [56] . On the other hand, ATLAS searched for the VLQs coupling to light quarks in 1fb −1 data and set the limits m Q > 900GeV in charged current mode, and m Q > 760 GeV in neutral current mode [57] . The last topic in this article is the search for the excited leptons. The composite model provides the new interactions which produce excited states of leptons. The production rate is very small, hence one has to look into single production at beginning. The isolated photons are expected to be emitted from the radiative decays of excited leptons. With 5 fb −1 of data, ATLAS has set the limits, m e * > 2.0 TeV, m µ * > 1.9 TeV with the assumption on compositeness scale Λ = m * [58].
Concluding remarks
It was a magnificent year for all the LHC experiments. A large amount of data with good quality has been recorded and analyzed. In many areas, new exclusion results are obtained which extended the existing limits.
For the search for the SM Higgs boson, two experiments significantly narrowed down the allowed region. In addition, a modest excess of events were observed around 126 TeV in ATLAS and 125 GeV in CMS.
Concerning the beyond SM physics searches, a huge spectrum of channels is covered by both experiments. So far no symptom of new findings has been seen.
With the on going new data taking of 2012 with √ s = 8 TeV, we should be able to either confirm the current Higgs excess or rule it out. We are also looking forward to seeing the hint of any surprise in beyond standard model physics. 
